INTRODUCTION
During the past two decades, several investigations have demonstrated that phenotypic mixing frequently occurs in cells doubly infected with related or even unrelated enveloped viruses. No doubt, enveloped viruses may also acquire certain cell-derived materials in their envelopes. However, some important questions remain to be answered more fully. First, can any enveloped virus assemble the surface glycoproteins (gp) of another into its own envelope structure ? Second, do enveloped viruses assemble significant amounts of various cell surface gp in a specific or fortuitous way?
The evidence available at the moment is mixed, incomplete and, at first sight, controversial. However, carefully reconsidering the strength of the conflicting arguments, we might dare to suggest that the answers to these questions are surprisingly simple : 'yes' to question 1 and 'no' to question 2. If these assumptions are correct, we could more easily attempt to understand the phenomenon of phenotypic mixing.
How widespread is phenotypic mixing among enveloped viruses ?
A variety of enveloped viruses belonging to different families mix phenotypically (for reviews, see Boettiger, 1979; Weiss, 1981 ; Zfivada, 1976 Zfivada, , 1977 . In most instances phenotypic mixing was shown to occur for the envelope glycoproteins only. To demonstrate phenotypic mixing, various methods have been used, including neutralization tests using specific sera (e.g. Choppin & Compans, 1970; Z/tvada, 1972a; Z~ivada & Rosenbergov/t, t968) , virus mutants with temperature-sensitive (ts) or thermolabile (tO defects in the surface gp (Breitman & Prevec, 1977; Weiss & Bennett, 1980; Z~vada, 1972a, b; Z~vada & Z~vodsk~i, 1973) , polyacrylamide gel (PAGE) analysis of isotopically labelled virus (McSharry et al., 1971) or ferritin-labelled antibodies in conjunction with electron microscopy (Chan et al., 1978; Choppin & Compans, 1970) . However, in the example of vesicular stomatitis virus (VSV) pseudotypes with avian tumour virus, the retrovirus spikes can be seen by electron microscopy even without the aid of tagged antibodies (Ogura & Bauer, 1976) . In another instance, a haemagglutination-inhibition test was employed (Granoff & Hirst, 1954) . In contrast to these findings on envelope structures, attempts to demonstrate phenotypic mixing of internal virus proteins between mutually unrelated envel-0022-1317/82/0000-5190 $02.00© 1982 SGM Dyadkova & Kuznetsov (1970); 5, Z~.vada (1972a); 6, J. Drag6fiov~t, personal communication; 7, Sengupta & Rawls (1979); 8, Choppin & Compans (1970); 9, Z~vada & Rosenbergov~_ (1972); 10, Huang et al. (1974); 11, Lukashevich & Zhvada (1982); 12, Sato et al. (1978); 13, Granoff& Hirst (1954); 14, Z~vada & Rosenbergov~t (1968); 15, Schnitzer & G6ncz61 (1979); 16, Hallam (1976) .
oped viruses have invariably proved to be negative (McSharry et al., 1971 ; Weiss & Bennett, 1980; Z~vada & Z~ivodsk~t, 1973) . In this discussion, our considerations will be confined to phenotypic mixing of virus surface components.
The results reported so far are summarized in Table 1 . There are ten families of enveloped viruses which therefore would allow 90 heterologous and 10 homologous potential paired combinations (considering a representative of each family both as donor and recipient of surface antigen). Most of the possible combinations have yet to be tested, but 18 combinations resulted in phenotypic mixing and 3 were negative (with one contradiction).
The strength of the evidence demonstrating phenotypic mixing is not the same for all combinations. The best documented cases for the presence of pseudotype particles involve the production of VSV with the envelope antigens of retroviruses, herpesviruses or paramyxoviruses; these have been tested by several authors and confirmed by several methods. Positive evidence for phenotypic mixing in other virus combinations is not yet so well documented.
Let us concentrate on the three negative reports. Actually, in these instances, phenotypic mixing was demonstrated to work one way but not the other. All of these reports are our own (Z~vada & Rosenbergov~,, 1972; Z~vadov~ et al., 1977) ; thus, we are well aware of all details of these experiments, and can easily see at least three weak points. In all these combinations, one virus very strongly suppressed the replication of the other or there was interference both ways. The negative reports were based only on antiserum neutralization, which is not the most sensitive method (see below). Sindbis virus, used in two cases, shows in neutralization reactions a high 'persistent fraction'; therefore, the frequency of possible pseudotypes below this level would escape detection.
The absence of phenotypic mixing in dual infections with a togavirus and a retrovirus is contradicted by a positive result obtained in a different system. Persistent dual infections of cells with other representatives of the togavirus and retrovirus families provided conditions far more favourable for phenotypic mixing. This was indicated by the finding that all virions of rubella virus were resistant to anti-rubella serum, but they were neutralizable by antiserum to the hamster retrovirus (Sato et al., 1976) , although these authors did not mention phenotypic mixing as the most probable explanation for their results. We therefore think it worthwhile to reinvestigate these negative results using conditions more suitable for promoting and detecting phenotypic mixing and, in the meantime, these three negative reports are very weakly supported.
Having demolished the validity of some of our own results, let us return for a moment to our magic square (Table 1) . Until now, 70 out of 90 heterologous combinations have not been tested. Obviously, it would not be very exciting to execute all the experiments necessary to complete the table. In the centre of this square are combinations of similar viruses, containing negativestrand RNA genomes within helical nucleocapsids and possessing a matrix (M) protein beneath the lipid envelope. However, perhaps more important for this discussion are the opposite, strategically important corners of the square involving combinations of the least-related enveloped viruses. Provided these corners could be filled with well-documented results of phenotypic mixing, we would speculate that the more related viruses could also mix phenotypically. Although the evidence is far from complete, at present no well-documented finding contradicts the possibility that phenotypic mixing might in the end prove to be universal between all families of enveloped viruses.
Quantitative aspects of phenotypic mixing The central question of this section is whether or not enveloped viruses assemble their own gp as efficiently as foreign glycoprotein. To date, no experiment has provided a precise answer to this question.
An ideal system would be a steady-state mixed infection of cell cultures with two unrelated viruses, both of which are non-cytopathic for the host cells, do not interfere with each other, and are sufficiently different physically to allow clear-cut separation and isolation. Then a determination of the proportions of envelope gp encoded by each virus present on the two types of particle (genotypes) would provide the answer.
Unfortunately, most experiments performed so far have used conditions contrary to the requirements for an ideal experiment. One or both viruses grew in a single cycle, one or both were cytopathic, there was a strong one-or two-way interference and the viruses used were often physically similar.
More nearly optimal conditions were met in some experiments. Extremely efficient phenotypic mixing has been recorded for persistent dual infections of cells with togavirus (rubella) and hamster retrovirus (the BHK virus) (Sato et al., 1976) , or paramyxovirus (Newcastle disease virus) and BHK virus (Sato et aL, 1978) , or Rous sarcoma virus (RSV) and paramyxovirus (mumps) (Dyadkova & Kuznetsov, 1970) , and, to some extent, in a combination of murine leukaemia virus (MuLV) and VSV (Witte & Baltimore, 1977) . In the last case, efficient mixing could be shown provided that the progeny virus was harvested early after the infection with VSV (VSV shuts off cell and retrovirus protein synthesis only 4 h after infection).
An analysis of the envelope gp present on VSV cores, separated from the progeny of mixed infection with a paramyxovirus, SV5 (McSharry et al., 1971) , showed that gp corresponding to each virus participating in the mixed infection were present in nearly equal amounts.
Also relevant to our question are findings of 'pure' pseudotypes. These are virions containing the genome and all internal proteins corresponding to one virus, but having all its envelope gp provided by the other. They can be obtained only when using virus mutants completely defective in gp synthesis or transport, either deletions or conditional lethal mutants. There are some examples: BH-RSV(VSV) (Weiss et al., t977) ; BH-RSV(Sindbis) (Z~,vadov~ et al., 1977) ; VSV ts-V(avian tumour virus) (Weiss & Bennett, i980) ; VSV ts-V(MMTV) (Chan et aL, 1982) and probably also the pseudotype rubella(BHK virus) (Sato et al., 1976) .
On the other hand, viruses which do not shed complete infectious virions can be efficient donors of their gp to unrelated enveloped viruses. These are: VSV(chJ), obtained with 'chick helper factor' which represents the synthesis of glycoproteins of an endogenous provirus (Love & Weiss, 1974) ; VSV(herpesvirus) obtained in the presense of cytosine arabinoside, which inhibited the synthesis of herpesvirus DNA as well as most of its proteins, except for the gp (Huang et al., 1974) ; VSV(CMV) obtained from rodent cells abortively infected and transformed with a human cytomegalovirus (G6ncz61 et al., 1980) ; VSV(measles) obtained with defective measles virus strain isolated from a patient with subacute sclerosing panencephalitis (Wild et al., 1976) .
The results of phenotypic mixing do not demonstrate or rule out a more efficient exchange of gp between closely related viruses; in fact, one of the highest frequencies of pseudotypes recorded so far is between viruses as different as VSV and herpesvirus (Huang et al., 1974) . Obviously, the frequency of virions detected as phenotypically mixed particles depends largely on the method used. This can be illustrated by studies on VSV phenotypically mixed with retroviruses, paramyxoviruses or herpesviruses, which have been examined most often. At present, we can distinguish four categories of phenotypically mixed virions, depending most probably on the proportion of the two species of gp present. 'Pure' VSV pseudotypes are obtained with ts-V mutants of VSV at non-permissive temperature (Weiss & Bennett, 1980) . 'Apparent' pseudotypes are obtained when using wild-type VSV. These virions resist within wide limits of dilution an excess of anti-VSV serum, but are neutralized upon subsequent addition of an antiserum to the second virus (Huang et al., 1974; Zfivada et al., 1979) . Such pseudotypes were shown to contain at least a few VSV gp molecules per virion (Weiss & Bennett, 1980; Witte & Baltimore, 1977; Z/~vadov/t & Z~vada, 1980) . The third type, doubly neutralizable particles of VSV are probably mosaic virions with nearly equal amounts of gp from each participant in the mixed infection; either antiserum alone is sufficient to neutralize them. The doubly neutralizable virions may represent about 50 ~o of VSV virions present in the progeny of mixed infection (Choppin & Compans, 1970; Zfivada, 1972a; Zfivada & Rosenbergov~, 1972) . However, by careful choice of antiserum dilutions, the doubly neutralizable virions can be found even if they are relatively rare (Altstein et al., 1976; Kang & Lambright, 1977; Lukashevich & Z~ivada, 1982) . The last category comprises VSV particles that bind antibody molecules directed against the other envelope gp but are not neutralized by them. These are most likely VSV virions covered predominantly with VSV gp, but containing a few gp spikes of the unrelated donor. Binding of the antibody, however, mediates the attachment of Staphylococcus aureus cells, and such complexes can be sedimented by low-speed centrifugation. This technique, of course, sediments all four categories together, and the pellet may contain as much as 100~ of the VSV virions synthesized in cells pre-infected with avian tumour virus (Weiss & Bennett, 1980) . VSV produced in mouse L cells showed no detectable VSV(MuLV) pseudotypes corresponding to the first two categories, although virtually 100 ~ of VSV virions contained at least a few (if not just one) MuLV-specific gp molecules (Z~,vada et al., 1982) . Instead of the usual plaque assay, VSV virions phenotypically mixed with MuLV can be detected by labelling the virion RNA with [3H]uridine. In combination with antibody and Staphylococcus aureus cells, this technique also proved to be more sensitive than a neutralization test (Mohr et al., 1982) .
In some instances, selective host cell assay systems enable detection of rare phenotypically mixed virions Zfivadovfi et al., 1977) and are particularly valuable when one virus is heavily handicapped through interference by the other.
Immunoelectron microscopy, using ferritin-tagged antibodies, revealed that VSV virions grown in cells pre-infected by an oncovirus (J. Calafat, personal communication; Chan et al., 1978) , or mixedly grown with a paramyxovirus (Choppin & Compans, 1970) , contain many gp molecules acquired from the donor virus. As mentioned above, VSV(oncovirus) pseudotype particles can be recognized in the electron microscope without antibodies (Ogura & Bauer, 1976) .
Although none of these experiments meets the requirements of an ideal system, they suggest that, under suitable conditions, phenotypic mixing between unrelated enveloped viruses may be very efficient and non-selective.
Which cell-specific materials are present in the virions of enveloped viruses ?
There is abundant information on various host cell-specific substances being assembled into enveloped viruses. For convenience, the materials acquired from the host cell can be divided into four groups: (1) lipids acquired from cell membranes during the process of budding; (2) oligosaccharide chains attached by cellular enzymes to virus gp and to membrane glycolipids; (3) cellular proteins (enzymes etc.) and even ribosomes (e.g. in arenaviruses) occluded in the interior of virions; (4) surface glycoproteins acquired from cell membranes. The first three points are documented beyond any doubt, but they are not directly relevant to our problem; only point 4 concerns the specificity of assembly of virus membranes. There are several excellent reviews on the structure of virus and cellular membranes, which focus in particular on the process of budding of enveloped viruses (Barnhart & Ash, 1979; Burns & Allison, 1977; Lenard, 1978; Lindenmann, 1977; Parry, 1978; Rott & Klenk, 1977; Simons & Garoff, 1980) . All of them present evidence showing that most of the normal cell surface gp are very efficiently excluded from the sites of budding. There are possible exceptions; for example, cell surface ATPase activity appears to be present in some virus membranes.
In our opinion, the reports on virus mutants lacking virus envelope gp are very interesting. These mutants are BH-RSV, produced in the absence of helper viruses in chicken chf-or in Japanese quail cells (De Giuli et al., 1975; Ogura & Friis, 1975; Scheele & Hanafusa, 1971) and ts mutants of VSV belonging to complementation group V (which at non-permissive temperature synthesize the polypeptide of the gp, but this is not transported to the cell surface membrane and is not assembled into VSV virions) (Ogura & Bauer, 1976; . Both BH-RSV and VSV ts(V) produce virions which appear naked (no surface projections) in electron micrographs, and PAGE analysis of polypeptides of purified virus preparations demonstrates the absence of virus-specific gp as well as of any other proteins of the host cell. These findings show that: (i) viral gp is not essential for the process of budding; (ii) cell-specific gp, although present in abundance in cell surface membranes, are efficiently excluded from budding virions by forces independent of the virus gp; (iii) taken together with other studies (Little & Huang, 1978; Lodish & Weiss, 1979; Reidler et al., 1981 ; Schnitzer & Lodish, 1979; Weiss & Bennett, 1980 ) the data indicate a key role of the M protein in the budding process.
It is generally accepted that cell-specific gp are not efficiently assembled into enveloped viruses. We shall therefore examine more closely only those data which appear to contradict this assumption.
Several groups have reported that molecules of the major allotransplantation antigen of mice, the H-2 antigen, are present on the surface of MuLV virions, or, strangely enough, inside them (for review, see Calafat et al., 1981) . Also, VSV virions have been reported to incorporate H-2 molecules efficiently from mouse L cells (Hecht & Summers, 1972 . However, Calafat et al. (1981) could not confirm the presence of H-2 antigens either inside or on the surface of MuLV and of MMTV, employing immunoelectron microscopy in conjunction with monoclonal antibodies to H-2 antigens. Although the cell surface was heavily labelled by anti-H-2 immunoglobulin, budding or mature virions did not bind any of these. The discrepancy between this and previous reports may reside in the use of different serological reagents; Calafat was working with monoclonal antibodies to H-2, while the other authors used whole mouse anti-H-2 sera. These sera, in addition to anti-H-2, also contained antibodies reactive with antigens of mouse retroviruses, as Calafat showed on parallel electron micrographs. Calafat (personal communication) also obtained similar results with VSV grown in several murine lymphoblastoid cell lines: VSV assembled no H-2 molecules, but it acquired the gp70 of MuLV.
The elegant experiments of Lodish & Porter (1980) showed a selective incorporation of cell proteins into VSV. These authors gently labelled the surface of mouse L cells and of African green monkey Vero cells with 125I. Subsequently, these cells were infected with wild-type VSV, or at non-permissive temperature with a ts-V mutant of VSV. Harvested virus was purified by velocity and isopycnic gradient centrifugations and then analysed by SDS-PAGE and autoradiography in parallel with proteins from uninfected cells. Total cell surface labelled proteins showed a whole spectrum of protein bands. VSV, however, was found to assemble selectively from the cell surface only some labelled proteins, which in the case of both L and Vero cells showed distinct peaks at about 20K and 100K. However, no tests were included to demonstrate whether these proteins were in fact viral or non-viral. Russ et al. (1982) therefore repeated this experiment with VSV infection of mouse L cells, with the difference that they also included XMuLV-specific antiserum. Indeed, they were able to show that VSV in fact selected predominantly XMuLV-related antigens, the gp70 and a band around 90K, presumably uncleaved precursor molecules of the env gene products.
Briefly summarizing the above discussion, we are coming to what we may term the Pseudotypic Paradox.
1. Enveloped viruses non-selectively incorporate both their own gp as well as gp of viruses belonging to other families. 2. Cell membranes assemble both cellular and virus surface gp. 3. Enveloped viruses seem to exclude cellular glycoproteins from mature virions. The first two points suggest that assembly of glycoproteins into both virus and cellular lipid membrane structures is non-specific; the third point appears to deny the first two and thus it contains the nucleus of our paradox. Let us try to find the meaning of the above three postulates.
Conclusion 3. The biological functions of virus surface gp are very specialized and rather different from those of cell surface proteins. Virus gp ensure the attachment of virions to cell surface receptors, mediate penetration into the cell, and finally are involved in uncoating of the virus, often by means of the fusion of virus and cellular membranes. Most of the cell surface gp are probably receptor or transport molecules for nutrients, antigens, hormones, and various other signals received by the cell from its external environment. Therefore, viruses must have evolved a highly selective mechanism of assembly to ensure the presence on the surface of virions of virus-specific gp rather than cellular ones. This must have been a tricky task, considering the hundreds of different gp species in the cell surface membrane.
Conclusion 2. Enveloped viruses must be able to co-opt for their own profit all of the sophisticated cellular machinary involved in synthesizing precursor molecules for gp on rough endoplasmic reticulum (and not on free ribosomes, like other virus-specific proteins), subsequent transport to the Golgi apparatus where these molecules are further glycosylated and fatty acid residues are attached to them and, after this, use the internal cell systems for the transport of this product to the surface membrane (Lodish et al., 1981) . In addition, some viruses may also take advantage of other cellular processing mechanisms, e.g. for the cleavage of large precursor polypeptides into final products. Therefore, virus gp are processed very much like the cellular ones.
Conclusion 1. We cannot see any such apriori reasons (selective advantage) for the widespread and efficient exchange of surface gp between various unrelated viruses. However, the experimental evidence is clear enough, even if it is far from complete. The only explanation which occurs to us is that the enveloped viruses must share a common, highly specific mechanism of assembly of virus surface structures. If this is indeed so, one simple explanation is that Nature only once came to the marvellous invention of enveloped viruses, i.e. all of them could have evolved from a single ancestor (divergent evolution). Were it not so, each of several independent evolutionary lines would have most likely developed a different mechanism of assembly and, consequently, they would not show such facility in mixing phenotypically with each other.
This presumption has two main variants: enveloped viruses may be either legitimate or illegitimate brothers. The first version would mean that a single enveloped virus evolved into all the others by a chain of mutations, losses of parts of information, acquisitions of host cell genes. In the second case, some of the originally non-enveloped viruses would by recombination have acquired the gp together with other components of budding equipment from an enveloped virus. The recombination between RNA and DNA viruses could have been assisted by reverse transcriptase from a retrovirus. Although this presumption may seem somewhat far-reaching, it has the advantage of being simple: why should Nature bother to reinvent, time and time again, a system as complicated as the virus envelope? Also, we must always consider the number of products sharing so many specialized functions as those listed above (and perhaps other functions we do not know of yet).
This proposed evolution of viral gp has both extremely conservative and highly variable components. The structures directly involved in the budding process are conserved, as suggested by widespread phenotypic mixing. On the other hand, the external part of virus gp is extremely variable; this might be expected because it is permanently exposed to the selective pressures of the host's immune responses, so that mutations altering serological specificity might bring about a selective advantage.
It is more difficult to provide molecular models to explain the Pseudotypic Paradox. We must take into account the whole virus membrane, comprised of gp, lipid bilayer, and the M protein.
The gp are as a rule trans-membrane proteins, their internal (COOH) end is followed by a 
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hydrophobic sequence which spans the lipid bilayer, and the largest part of the gp molecule (NHE terminus) sticks out of the virion (Rose et al., 1980) . In some virus families, this system is modified: some viruses have more than one gp; in mammalian C-type viruses, the transmembrane protein is in fact pl 5E, to which the more external gp70 is attached by disulphide linkage, but both are products of the env gene; togaviruses, bunyaviruses and arenaviruses have no proper M protein and therefore its role must be taken over by the proteins constituting icosahedral or helical cores, which are adjacent to the interior face of lipid membranes; and enveloped viruses mature by budding through different cellular membranes (plasma, endoplasmic reticulum, nuclear). However, none of the above modifications appears to alter the mechanism of budding or to affect phenotypic mixing. Two alternative models occur to us; in both of them the M protein (or its equivalent) plays a very important role (Fig. 1) . In model A, molecules of M protein attach to the lipid membrane and form a two-dimensional crystal-like lattice. As this structure grows, the transmembrane non-viral gp molecules are pushed away because their internal ends do not fit this pattern. At the same time, internal ends of viral gp are accepted into this structure, which they fit precisely enough. The M protein lattice crystallizes independently of viral gp, and this process is essential for budding of virions with or without the gp spikes. This model implies a specific recognition signal between the internal part of viral gp and the M protein. It has two complementary components, which for statistical reasons are very conserved. Therefore, this signal may be common to all enveloped viruses and could contribute to phenotypic mixing. Model A is supported by three observations. First, VSV does not lose spikes after the bulk of lipids have been removed by treatment of virions with lipases (Ansel et al., 1977) . Second, the internal sequences of some gp molecules show remarkable similarities, for instance the HA2 protein of an orthomyxovirus and the F1 protein of a paramyxovirus (Gething et al., 1977) . Third, togaviruses have a constant equimolar ratio of their three envelope gp and the core protein (Simons & Garoff, 1980) . Model B predicts that some alteration in the ultrastructure of the lipid membrane is induced by attachment of virus M protein or its equivalent and this alteration must be the same for all enveloped viruses. It is our guess that model B might function by phase partitioning. In normal cellular lipid membranes, the hydrophobic sequences of all virus and cellular gp are 'soluble'. Attachment of the M protein to the bilayer brings about some alteration, causing the cellular gp to become relatively less 'soluble' in it, but at the same time, hydrophobic parts of virus gp are more 'soluble' in these modified membranes than in normal cell membranes. Alteration of membranes is indicated by numerous findings (see Barenholz et al., 1976; Barnhart & Ash, 1979; Landsberger & Compans, 1976) , showing that virus membranes have a lower fluidity than cellular ones; this is due to some extent to altered proportions of various lipid constituents.
Although the cell-specific proteins appear to be very efficiently excluded from virus membranes, the exclusion may not be absolute. One of the exceptions may be some cellular enzymes (e.g. ATPase); these could either be held by lateral adhesion to virus gp or they may be embedded in the virus membrane in a different way from other surface transmembrane gp. Detection methods for these enzymes are extremely sensitive and there may be in fact less than one molecule per virion.
Model B has some advantages. It is easier to explain the high conservation of assembly machinery; the cell will certainly not alter genetically the ultrastructure of its membranes just for comfort of some virus mutants. This provides a highly selective influence by the cell. In model A, we still may admit a divergent co-evolution of the two parts of the recognition signal between gp and M protein.
Neither of these models postulates a conservation of amino acid sequences or size uniformity near the COOH terminus or in the hydrophobic segment of viral gp molecules. What these models do predict is a structural similarity of the COOH terminal part at either tertiary or even quarternary level (model A), or specific physicochemical properties of the hydrophobic sequences, which distinguish clearly enough all virus glycoproteins from cellular ones.
These two models are not mutually exclusive. For example, assembly of membrane structures in some virus families and for phenotypic mixing between unrelated viruses may utilize model B whereas, in some other virus families, the assembly of self (and of closely related) gp might use simultaneously both mechanisms. For model A, the recognition signal directly between gp and M protein does not need to be universal, but only family-specific. In such instances, one would expect more efficient assembly of self, rather than of foreign, gp. It is to be hoped that experiments on the interactions of virus gp (Altstiel & Landsberger, 1981) or M protein (Zakowski et al., 1981) with lipid vesicles may provide more insight into this puzzle.
In either model, the M protein (or equivalent) has again a strictly conserved and a variable component. The former is involved in interactions with the gp or with the membrane, while the latter interacts with internal proteins of the core (or in togaviruses, with RNA). Therefore, the M protein cannot be exchanged between unrelated virus families.
CONCLUSION
Our present concept of phenotypic mixing between unrelated enveloped viruses might seem slightly absolutist; however, perhaps phenotypic mixing may be considered a more interesting phenomenon than before. The Pseudotypic Paradox has the advantages of simplicity, logical coherence and it fits well most of the experimental evidence available at present. Moreover, it implies many testable predictions and offers prospects of various useful applications.
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